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RATE ADJUSTMENT TECHNIQUES includes information that indicates that a time window of the 
codec adaptation is enabled or disabled for the communi 

CROSS REFERENCE TO RELATED cation node . 
APPLICATIONS In some embodiments , the method of the first example 

5 aspect includes in response to determining , based on the 
This patent document is a continuation of and claims received control information , that the network node does not 

benefit of priority to International Patent Application No. support codec adaptation or that the communication node is 
PCT / CN2018 / 092254 , filed on Jun . 21 , 2018. The entire not allowed to enable the codec adaptation , performing any 
content of the before - mentioned patent application is incor one or more of following operations : determining that a 
porated by reference as part of the disclosure of this appli 10 recommended bit rate query not be sent to the network node , 

and determining that a recommended bit rate query not be cation . generated . 
TECHNICAL FIELD In a second example aspect , a method of wireless com 

munication is disclosed . The method includes sending , by a 
15 first network element to a second network element , a mes This disclosure is directed generally to digital wireless sage that includes adaptation control information including communications . an indication of the second network element being enabled 

or disabled for codec adaptation or the second network BACKGROUND element being allowed to enable codec adaptation for a 
20 communication node , and wherein the first and second Mobile telecommunication technologies are moving the network elements are separate network elements . world toward an increasingly connected and networked In some embodiments , the message includes information society . In comparison with the existing wireless networks , that indicates that the codec adaptation is enabled or dis 

next generation systems and wireless communication tech abled per transmission direction for the second network 
niques will need to support a much wider range of use - case 25 element or per transmission direction for the communication 
characteristics and provide a more complex and sophisti- node . In some embodiments , the message includes informa 
cated range of access requirements and flexibilities . tion that indicates that the codec adaptation is to be enabled 

Long - Term Evolution ( LTE ) is a standard for wireless or disabled per one or more packet data unit ( PDU ) session , 
communication for mobile devices and data terminals devel- per one or more quality of service ( QoS ) flow , per one or 
oped by 3rd Generation Partnership Project ( 3GPP ) . LTE 30 more data radio bearer ( DRB ) , or per one or more logical 
Advanced ( LTE - A ) is a wireless communication standard channels ( LCH ) . In some embodiments , the message 
that enhances the LTE standard . The 5th generation of includes information that indicates a target code rate or a 
wireless system , known as 5G , advances the LTE and LTE - A target code rate range of any one or more of per communi 
wireless standards and is committed to supporting higher cation node , per one or more PDU sessions , per one or more 
data - rates , large number of connections , ultra - low latency , 35 Qos flow , per one or more DRB , or per one or more LCH . 
high reliability and other emerging business needs . In some embodiments , the message includes information 

that indicates a time window within which codec adaption is 
SUMMARY to be enabled or disabled . 

In some embodiments of the second example aspect , the 
Techniques are disclosed to enable bit rate adjustment 40 first network element includes a Centralized Unit and the 

between communication nodes . In a first example aspect , a second network element includes a Distributed Unit . In 
method of wireless communication is disclosed . The method some embodiments of the second example aspect , the first 
includes , receiving , by a communication node from a net- network element includes a master node and the second 
work node , a control information , and determining , based on network element includes a secondary node . 
the control information , that the network node supports 45 In a third example aspect , a method of wireless commu 
codec adaptation or that the communication node is allowed nication is disclosed . The method includes sending , by a first 
to enable the codec adaptation . In some embodiments , the network element to a second network element , a request 
control information includes information that indicates that message , wherein the request message informs the second 
the codec adaptation is enabled or disabled per transmission network element to enable or disable codec adaptation , and 
direction , per one or more packet data unit ( PDU ) sessions , 50 wherein the first and second network elements are separate 
per one or more quality of service ( QoS ) flow , per one or network elements . In some embodiments , the first network 
more data radio bearer ( DRB ) , or per one or more logical node sends to the second network node an indication that 
channels ( LCH ) . that first network node implemented codec adaption for a 

In some embodiments , the method of the first example communication node . 
aspect includes generating , by the communication node , a 55 In some embodiments , the request message includes 
recommended bit rate query by excluding one or more PDU information that indicates that the codec adaptation is to be 
sessions , one or more QoS flow , one or more DRB , or one enabled or disabled per transmission direction for the first 
or more LCH that cannot perform codec adaptation . network element or per transmission direction for a com 

In some embodiments , the control information includes munication node . In some embodiments , the request mes 
information that indicates a bit rate adjustment range for the 60 sage includes information that indicates that the codec 
codec adaptation . In some embodiments , the communication adaptation is enabled or disabled per one or more packet data 
node generates a recommended bit rate query by including unit ( PDU ) session , per one or more quality of service ( QoS ) 
a bit rate that does not exceed the bit rate adjustment range . flow , per one or more data radio bearer ( DRB ) , or per one or 

In some embodiments , the control information includes more logical channels ( LCH ) . In some embodiments , the 
information that indicates that a time window for codec 65 request message includes information that indicates a target 
adaptation is supported or not supported by the network code rate or a target code rate range of any one or more of 
node . In some embodiments , the control information per communication node , per one or more PDU sessions , per 
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one or more Qos flow , per one or more DRB , or per one or The above and other aspects and their implementations 
more LCH . In some embodiments , the request message are described in greater detail in the drawings , the descrip 
includes information that indicates a time window within tions , and the claims . 
which codec adaption is to be enabled or disabled . 

In some embodiments of the third example aspect , the 5 BRIEF DESCRIPTION OF THE DRAWINGS 
method further includes receiving , by the first network 
element from a communication node , a recommended bit FIG . 1 shows an example of a general architecture of a 5G 
rate query that includes a recommended bit rate , wherein the RAN . 
request message includes information that indicates that the FIG . 2 shows an example of a dual - connectivity ( DC ) 
first network element supports the recommended bit rate . In 10 architecture of the New Radio ( NR ) system . 
some embodiments of the third example aspect , the method FIG . 3 shows an example of a user equipment ( UE ) 
includes sending , by the first network element to the second receiving a codec adaptation control information from a 
network element , the recommended bit rate . In some Radio Access Network ( RAN ) node . 
embodiments of the third example aspect , the first network FIG . 4 shows another example of a UE receiving codec 
element includes a Distributed Unit and the second network 15 adaptation control information from a RAN node . 
element includes a Centralized Unit . FIG . 5 shows an example of a UE sending control 

In a fourth example aspect , a method of wireless com- information to a RAN node . 
munication is disclosed . The method includes receiving by FIG . 6 shows an example of a Centralized Unit ( CU ) 
a network node a service type information of a codec sending codec adaptation control information to a Distrib 
adaptation of a communication node , wherein the network 20 uted Unit ( DU ) . 
node receives the service type information from the com- FIG . 7 shows an example of a DU sending codec adap 
munication node or from a core network . In some embodi- tation control request information to a CU . 
ments , the core network is configured to provide the service FIG . 8 shows another example of a DU sending codec 
type information to the communication node . In some adaptation control request information to a CU . 
embodiments , the service type information includes infor- 25 FIG . 9 shows an example of a UE establishing a connec 
mation that identifies one or more packet data unit ( PDU ) tion with a network node . 
sessions or one or more quality of service ( QoS ) flow that FIG . 10 shows an example of a UE requesting a service 
support codec adaptation . In some embodiments , the service type information for codec adaptation from a network node . 
type information includes a bit rate adjustment range of FIG . 11 shows an example of a first network node 
codec adaptation supported by a packet data unit ( PDU ) 30 requesting a service type information for codec adaptation 
session or a quality of service ( QoS ) flow . from a second network node . 

In a fifth example aspect , a method of wireless commu- FIG . 12 shows an example of a flowchart for a handover 
nication is disclosed . The method includes receiving , by a process . 
first network element from a second network element , a FIG . 13 is an example of a process used by a master node 
plurality of priorities of coverage enhancements that 35 ( SN ) to send a codec adaptation control information to a 
includes a priority of a codec adaptation relative to one or secondary node ( SN ) . 
more priorities of one or more other coverage enhancements , FIG . 14 is an example of a process used to request a codec 
and wherein the first and second network elements are adaptation control information by the SN from the MN . 
separate network elements . In some embodiments of the FIG . 15 is another example of a process used to request 
fifth example aspect , the first network element includes a 40 a codec adaptation control information by the SN from the 
Distributed Unit and the second network element includes a MN . 
Centralized Unit . In some embodiments of the fifth example FIG . 16 shows an exemplary flowchart for receiving 
aspect , the first network element includes a user equipment control information . 
and the second network element includes a Radio Access FIG . 17 shows an exemplary block diagram of a commu 
Network ( RAN ) node . 45 nication node or a network node . 

In a sixth example aspect , a method of wireless commu 
nication is disclosed . The method includes sending , by a first DETAILED DESCRIPTION 
network element to a second network element , information 
that includes a recommended bit rate information generated This patent document first provides an overview of the 5G 
for or sent to a user equipment , or a recommended bit rate 50 Radio Access Network ( RAN ) . Next , this patent document 
query information received by the first network element discusses some of the issues associated with the current 
from the user equipment , wherein the user equipment is to application layer rate adjustment process for multimedia 
be handed over . In some embodiments , the first network telephone service ( MMtel ) . Thereafter , the patent document 
element includes a source gNB and a second network describes various solutions in six sections . At least some of 
element includes a target gNB . 55 the solutions for Section 1 generally relate to enabling 

In some embodiments of the various aspects , the first control mechanism between network node , such as a RAN 
network element includes a secondary node and the second node , and a communication node , such as a UE . At least 
network element includes a master node . In some embodi- some of the solutions for Section 2 generally relate to 
ments of the various aspects , the communication node enabling control mechanism between a first network ele 
includes a user equipment and the network node includes a 60 ment , such as a Distributed Unit ( DU ) , and a second network 
Radio Access Network ( RAN ) node . element , such as a Centralized Unit ( CU ) where the DU and 

In yet another exemplary aspect , the above - described CU are separate . At least some of the solutions for Section 
methods are embodied in the form of processor - executable 3 generally relate to enabling control mechanism between a 
code and stored in a computer - readable program medium . first network node , such as a RAN node and a core network . 

In yet another exemplary embodiment , a device that is 65 At least some of the solutions for Section 4 generally relate 
configured or operable to perform the above - described to prioritized control information sent between network 
methods is disclosed . elements or network nodes . At least some of the solutions for 
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Section 5 generally relate to a handover process . At least having a multiple transceiver ( multiple Rx / Tx ) , the current 
some of the solutions for Section 6 generally relate to serving base station , such as a first network element in FIG . 
enabling control mechanism between a master node and a 2 , of the UE in the NG - RAN may select a suitable wireless 
secondary node . The example headings for the various channel for the UE . For example , the first network element 
sections below are used to facilitate the understanding of the 5 can select a wireless channel having a quality that meets or 
disclosed subject matter and do not limit the scope of the exceeds a certain threshold . In the DC system , a second base 
claimed subject matter in any way . Accordingly , one or more station , such as a second network element in FIG . 2 can also 
features of one example section can be combined with one be added to the UE . In the DC system , the two base stations 
or more features of another example section . can jointly provide radio resources for the UE to perform 

The 5G New Radio ( NR ) protocol has introduced a dual 10 user plane data transmission . Further , in terms of a wired 
connectivity system that may include simultaneous connec- interface , a first NG control plane ( NG - C ) can be established 
tion of two 5G - NR base stations by the UE , or simultaneous between the first network element and the Next Generation 
connection of one LTE base station and one 5G - NR base Core Network ( NG - CN ) , and at most a NG - U can be 
station by the UE . Currently , while the 5G - NR is being established between the second network element and the 
developed , there is a need for an application layer bit rate 15 NG - CN for the UE . The first network element and the 
adjustment process because of issues with network coverage second network element may be connected by an ideal or 
or Radio Access Network ( RAN ) congestion . As further non - ideal interface called an Xn interface . 
explained in the various embodiments in this patent docu- In terms of a wireless interface , the first network element 
ment , the development of the bit rate adjustment process can and the second network element may provide the same or 
include a single - link rate - adjusted wireless handshake pro- 20 different Radio Access Technology ( RAT ) , and relatively 
cess , a bit rate adjustment method of secondary node ( SN ) independent scheduling of UEs . Among them , the first 
or master node ( MN ) in inter - node dual connection ( DC ) , network element connected to the control plane of the core 
and a code rate adjustment method of intra - centralized unit network can be referred to as a master node , and the core 
( CU ) , inter - distributed unit ( DU ) DC , SN or MN . network can have only the user plane connection even if 

Section headings are used in the present document to 25 there may be no user plane connection with the core network 
improve readability and do not limit the embodiments and in some cases . The second network element can be referred 
techniques described in a section to that section only . to as a secondary node . If there are more than two network 

General Architecture of 5G Radio Access Network ( RAN ) elements connected to the UE , all nodes except the master 
FIG . 1 shows an example of a general architecture of a 5G node are called secondary nodes . 

RAN . On top of FIG . 1 , the acronym 5GC refers to a core 30 Based on the above described dual - connectivity concept , 
network of the 5G network . The bottom half of FIG . 1 shows the multi - RAT dual connection refers to a dual connectivity 
a NG RAN , which is referred to as the 5G New Radio architecture where the master node and the secondary node 
Access Technology ( RAT ) Radio Access Network . The can be access points of different radio access technologies . 
NG - RAN consists of a set of one or more gNBs connected For example , one access point can be a NR RAN node ( e.g. , 
to the 5GC through the NG interface . The gNB is the base 35 gNB ) and another access point can be an LTE RAN node 
station of the 5G RAN . A gNB can support frequency ( NB ) . In this example , the eNB and the gNB can be 
division duplex ( FDD ) mode , time division duplex ( TDD ) connected to a 5G core network at the same time . In another 
mode , or dual connectivity mode operations . The set of example , a dual connectivity scenario can include both the 
gNBs can be interconnected through the Xn interface . A primary node and the secondary node as NR RAN nodes 
gNB may consist of a gNB - CU and one more 40 ( e.g. , gNB ) . 
gNB - DU ( S ) . A GNB - CU and a gNB - DU is connected via F1 Application Layer Rate Adjustment 
interface . NG , Xn and F1 are logical interfaces used in the Multimedia telephone service ( MMtel ) includes voice and 
network . video services according to different communication needs . 

In the New Radio ( NR ) framework , the forward network MMtel can provide an end - to - end voice and video services 
interface can be divided by considering transmission capac- 45 between a first network node , such as a first UE , and a 
ity , transmission delay , and / or ease of deployment . For second network node , such as a second UE or a computer . 
example , considering non - ideal forward transmission , the The application layer of the network nodes has a variety of 
delay - insensitive network function can be placed on a net- code rates that are optional so that both network nodes can 
work element such as in a Centralized Unit ( CU ) and a use the code rate to negotiate at the software application 
delay - sensitive network function can be placed on another 50 layer . When the communication environment becomes 
network element , such as a Distributed Unit ( DU ) . worse or better , the network nodes can negotiate down or 

In FIG . 1 , the left gNB is not split into CU and DU , increase the application layer code rate . However , because 
whereas the right gNB is split into CU and DU . This the code rate for application layer negotiation may not 
decision whether to split the gNB can be based on an necessarily match the actual communication environment of 
operator's network deployment requirements . An example 55 the network , it may conflict with the actual needs of the 
of the division of CU and DU functions in the protocol stack network . For example , there may be several reasons why a 
is that the CU can include Radio Resource Control ( RRC ) voice or video session may be stuck . Some of the reasons 
and Packet Data Convergence Protocol ( PDCP ) functions may include degradation of the wireless environment , or 
and the DU can include RLC , MAC , and PHY functions . congestion at the RAN or the core network . 
FIG . 2 shows an example of a dual - connectivity ( DC ) 60 Moreover , the function of the bit rate adjustment and the 

architecture of the NR system . A DC system may include existing coverage enhancement functions of various other 
two ( or more ) network - side nodes that provide data connec- access networks are duplicated in effect . For example , a 
tivity to or from UEs . For example , the network nodes may duplication may include among others PDCP duplication , 
include master and secondary nodes . As another example , overlap enhancement mechanism of sub - frames at the physi 
the network nodes in a DC system may include an eNB and 65 cal layer , or dual connection mechanism . If the UE appli 
a gNB or other types of serving network nodes that provide cation layer arbitrarily adjusts the application layer code 
wireless connectivity to UEs . In the DC system , for a UE rate , it may cause the RAN’s wireless interface efficiency to 

a a 

or 

a 



a 

US 11,533,266 B2 
7 8 

decrease . Therefore , the control mechanism of the applica- tion such as information indicative of time window of RAN 
tion layer code rate adjustment should be considered at the node supporting codec adaptation , or time window of 
RAN level . enabling / disabling codec adaptation for the UE . For 

1. Control Mechanism Between UE and RAN for Codec example , this information indicates when and for how long 
Adaptation 5 the RAN node supports codec adaptation , or the UE is 

Section 1 provides solutions for enabling control mecha- enabled / disabled codec adaptation . 
nism for codec adaptation at the network side wireless In some embodiments , if the RAN node does not support 
interface between a network node , such as a RAN node , and codec adaptation , or the RAN node does not allow the UE 
a communication node , such as a UE . to enable codec adaptation , the UE may perform any one or 

Solution 1.1 : UE Receives Information from RAN Node : 10 more of the following : ( 1 ) the UE may not send a recom 
The UE can obtain one of the following codec adaptation mended bit rate query to the RAN node if the recommended 

control information from the RAN node : ( 1 ) whether or not bit rate query has been generated , and ( 2 ) the UE may not 
the RAN node supports codec adaptation , or ( 2 ) whether the generate a recommended bit rate query to send to the RAN 
UE is allowed to enable the codec adaptation function . node . 
Information about whether the RAN node supports codec 15 The UE sends the recommended bit rate query to the RAN 
adaptation can be obtained through system messages . Infor- node to provide the RAN node with a certain code rate 
mation about whether the UE is allowed to enable the codec recommendation value of the logical channel . Thus , the UE 
adaptation function can be obtained through dedicated sig- can use the recommended bit rate query to determine 
naling or Medium Access Control Control Element ( MAC whether the RAN node can provide the code rate recom 
CE ) . 20 mendation value , or the UE requests a RAN node to indicate 

In some embodiments , the codec adaptation control infor- the code rate recommendation value determined by the RAN 
mation obtained by the UE from the RAN node may include node . 
whether or not RAN node can provide recommended bit rate In some embodiments where a UE is in communication 
which may not meet the Qos requirement of the UE in case with another communication node , such as another UE or a 
RAN node supports codec adaptation or in case the UE is 25 multimedia Gateway ( MGW ) , the first UE can notify 
allowed to enable the codec adaptation function . Some another communication node about the RAN node's codec 
examples of recommended bit rate not meeting the Qos adaptation control information . In such embodiments , the 
requirement may include the UE receiving from the RAN notification method may include the UE using higher layers 
node a recommended bit rate of a bearer or a Qos flow or a to send the control information to the network node . For 
LCH that is lower than the guaranteed bit rate ( GBR ) 30 example , the UE may use non - access stratum ( NAS ) layer 
requirement of the bearer , or Qos flow or LCH , or the UE signaling , the UE may forward the control information to 
receiving from the RAN node a recommended bit rate of a another communication node through the core network , or 
bearer or a Qos flow that is higher than the maximum bit rate the UE may send the control information to the another 
( MBR ) requirement of the bearer or Qos flow or LCH . communication node through the application layer . 

In some embodiments , the codec adaptation control infor- 35 In some embodiments , if the information acquired by the 
mation obtained by the UE from the RAN node may tell the UE from the RAN node indicates that the RAN node 
UE whether or not the UE is allowed to send a codec supports ( or does not support ) codec adaptation , or indicates 
adaptation bit rate query to the RAN node in some cases . For that the time window for enabling or disabling the UE's 
example , the codec adaptation control information may codec adaptation function , then UE can perform the opera 
inform the UE that the UE can send to the RAN node a codec 40 tions described in Section 1.1 within the time window . 
adaptation or recommended bit rate query that may not meet In some embodiments where the UE control information 
the Qos requirements of one or more bearers . Another includes fine - grained control information for codec adapta 
example may be that the UE can send to the RAN node a tion , as described above , then the UE can perform any one 
codec adaptation bit rate query that is not able to meet Qos or more of the following operations : ( 1 ) when generating the 
flows or LCHs of the UE . 45 recommended bit rate query , the UE may not include the one 

In some embodiments where the UE connected with a or more PDU sessions , one or more QoS flow , one or more 
master node or a secondary node at the same time , the UE DRB , or one or more LCH that cannot perform codec 
can obtain codec adaptation control information from the adaptation , and / or ( 2 ) when the UE generates a recom 
master node , which includes whether UE is allowed to mended bit rate query , it may not exceed the bit rate 
perform codec adaptation with the secondary node . If the UE 50 adjustment range indicated by RAN node , such as a gNB . 
is not allowed to perform codec adaptation with the second 
ary node , UE may not generate a recommended bit rate Example 1 for Solution 1.1 
query for the secondary node or send recommended bit rate 
query to the secondary node . FIG . 3 shows an example of a UE receiving a codec 

In some embodiments , the codec adaptation control infor- 55 adaptation control information from a RAN node . The RAN 
mation obtained by the UE from the RAN node may include node , such as a gNB may use a system message such as a 
fine - grained control information , including whether the system information block to broadcast the codec adaptation 
codec adaptation is enabled or disabled for any one or more control information to one or more UEs in a coverage area 
of the following : per direction ( e.g. , uplink or downlink ) , per of the gNB . The system information block may include the 
one or more packet data unit ( PDU ) sessions , per one or 60 codec adaptation control information . The codec adaptation 
more quality of service ( QoS ) flow , per one or more data control information can indicate to the UE whether the 
radio bearer ( DRB ) , or per one or more logical channel codec adaptation function is supported . 
( LCH ) . In some embodiments , the fine - grained control In some embodiments , if the UE knows that the gNB 
information for codec adaptation can include a bit rate supports the codec adaptation function , whether in the RRC 
adjustment range for codec adaptation . 65 idle state or in the RRC connected state , the UE may perform 

Further , the control information acquired by the UE from the following actions : ( 1 ) If a codec adjustment request is 
the RAN node may optionally include additional informa- obtained from the peer UE or peer Media Gate Way ( MGW ) , 
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the UE can generate a recommended bit rate query and send The form of the codec adaptation control information for 
it to the gNB , asking the gNB whether it can provide the a single UE can include a finer - grained control information , 
codec adjustment bit rate included in the query ; or ( 2 ) If the including any one or more of the following ( in addition to 
UE measures that the quality of the air interface does not the fine - grained control information described in Example 1 
meet the preset threshold , the UE can generate a bit rates of Solution 1.1 ) ; ( 1 ) one indication to indicate UE enable or 
query and send it to the gNB , and ask the gNB if it can disable codec adaptation ; ( 2 ) an indication as to whether the 

UE can enable uplink or downlink codec adaptation ; ( 3 ) one provide the gNB indicated codec adjustment bit rate . or more PDU sessions , or one or more QoS flow , or one or In some embodiments , if the UE determines from the more DRB , or a LCH that can enable or disable codec 
system information that the gNB does not support the codec adaptation ; ( 4 ) codec adaptation bit rate adjustment range ; 
adaptation function , the UE may perform the following and / or ( 5 ) codec adaptation control time window . 
actions : ( 1 ) The UE may not send a recommended bit rate The UE can obtain the codec adaptation control informa 
query to the RAN node if the recommended bit rate query tion , and the UE can perform the operations discussed next . 
has been generated ; or ( 2 ) The UE does not generate a According to the information discussed above , if the RAN 
recommended bit rate query for the corresponding RAN node does not support codec adaptation , or the RAN node 

15 does not allow the UE to enable codec adaptation , the UE node . can perform any one or more of the following operations : ( 1 ) Optionally , the UE can notify a second communication the UE may not send a recommended bit rate query to the node , such as another user equipment or an MGW , of the RAN node if the recommended bit rate query has been 
acquired RAN node's codec adaptation control information . generated ; ( 2 ) the UE may not generate a recommended bit 
In this patent document , the UE and the second communi- 20 rate query for the corresponding RAN node . 
cation node may be communicating with each other . For Further , the UE can inform the second communication 
example , the UE and the second communication node may node , such as another UE or an MGW , of the RAN node's 
be engaged in a voice or video session . The UE may inform codec adaptation control information . In some embodi 
the second communication node using a route that may pass ments , the notification method used by the UE can include 
through the application layer or through a NAS message . For 25 the UE using NAS layer signaling to send the codec adap 

tation control information to the second communication example , the UE may send a NAS message including the 
acquired RAN node's codec adaptation control information node . The NAS layer signaling is forwarded to the second 
to the core network and the core network forwards it to the communication node through the core network . In some 

embodiments , the notification method may include the UE second communication node . The codec adaptation control information sent by the gNB 30 using an application layer to send the codec adaptation control information to the second communication node . through a system message may have fine - grained control If the information acquired by the UE from the RAN node information that may include : ( 1 ) per direction ( e.g. , further includes a time window of the RAN node supporting whether uplink codec adaptation is supported and / or or not supporting codec adaptation , or a time window within 
whether downlink codec adaptation is supported ) ; ( 2 ) codec which the UE's codec adaptation function is enabled or 
adaptation bit rate adjustment range ; and / or ( 3 ) codec adap- 35 disabled , the UE within the time window may perform one 
tation control time window . Based on finer - grained control , or more operations as described above in Example 2 for 
the UE's behavior rules may include : ( 1 ) If the information Solution 1.1 . If the information acquired by the UE from the 
acquired by the UE from the RAN node further includes a RAN node is fine - grained control information for codec 
time window of the RAN node with information indicating adaptation , for example , if the direction in which the codec 
a support or lack of support for codec adaptation , or a time 40 adaptation cannot be performed ( e.g. , uplink or downlink ) is 
window within which UE's codec adaptation function is indicated in the control information of the codec adaptation , 
enabled or disabled , then the UE can implement any one or or one or more PDU sessions are performed , or QoS flow , or 
more of the operations described above in Example 1 for DRB , or LCH , the UE may perform one or more of the 
Solution 1.1 . following one or more operations : ( 1 ) If the UE generates a 

Further , if the information acquired by the UE from the 45 recommended bit rate query , the query may not include the 
RAN node is fine - grained control information for codec direction , PDU session , or QoS flow , or DRB , or LCH that 
adaptation , for example , if one or more PDU sessions cannot perform codec adaptation ; or ( 2 ) If the UE generates 
indicating that codec adaptation cannot be performed are a recommended bit rate query , the recommended bit rate 
indicated in the control information of the codec adaptation , may not exceed the bit rate adjustment range indicated by 
or Qos flow , Or DRB , or LCH , then the UE can perform any 50 gNB . 
one or more of the following operations : ( 1 ) If the UE Solution 1.2 : UE Sends Information to RAN Node : 
generates a recommended bit rate query , it may not include In some embodiments , if a first communication node such 
the direction , PDU session , or QoS flow , or DRB , or LCH as a UE acquires the request information of codec adapta 
that cannot perform codec adaptation ; ( 2 ) If the UE gener- tion , e.g. via application layer , from a second communica 
ates a recommended bit rate query , it may not exceed the bit 55 tion node , such as a second UE or an MGW , then the first 
rate adjustment range indicated by GNB . communication node can send the request information of the 

codec adaptation to its serving RAN node to which the first 
Example 2 for Solution 1.1 communication node is wirelessly connected to assist the 

serving RAN node in deciding how to perform local codec 
FIG . 4 shows another example of a UE receiving codec 60 adaptation . The first and second communication nodes may 

adaptation control information from a RAN node . The gNB include a user equipment or an MGW , and the first network 
may send to a UE the codec adaptation control information node may include a RAN node , such as a gNB . 
included in a RRC reconfiguration message . The gNB can 
perform codec adaptation control on a single UE . In the Example for Solution 1.2 
3GPP system , the configuration information can be sent to a 65 
specific UE through an RRC message or a MAC CE , and the FIG . 5 shows an example of a UE sending request 
codec adaptation control information can be carried therein . information to a RAN node serving the UE . The UE is in 
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communication with a second communication node ( not whether to enable the codec adaptation of the uplink or 
shown in FIG . 5 ) . If the UE obtains from a second commu- downlink of the given UE per transmission direction . 
nication node a request information of codec adaptation In some embodiments , the codec adaptation control infor 
delivered by the RAN node connected to the second com- mation sent by the CU to the DU may include fine - grained 
munication node , then the UE can send to its serving RAN 5 control information , including whether the codec adaptation 
node to which the UE is connected a recommended bit rate is enabled or disable for any one or more of the following : 
query . The recommended bit rate query may include the per one or more PDU sessions , or per one or more QoS flow , 
request information of the codec adaptation sent by the per one or more DRBs , or per one or more LCHs . With the 
second communication node . With the received request fine - grained control information , the DU can determine 
information , the serving RAN node can determine how to 10 which PDU sessions , QoS flows , or DRBs , or LCHs of the 
perform local codec adaptation . UE are allowed or disallowed to perform codec adaptation . 

2. Control Mechanism Between Centralized Unit ( CU ) In some embodiments , the codec adaptation control infor 
and Distributed Unit ( DU ) for Codec Adaptation mation sent by the CU to the DU may include a target code 

Section 2 provides solutions for avoiding repeated imple- 15 per one or more PDU sessions , per one or more Qos flow , per rate or a target code rate range of the codec adjusted per UE , 
mentation of codec adaptation and other coverage enhance one or more DRBs , or one or more per LCHs . In some ment schemes , for example , by having a higher layer of the embodiments , the codec adaptation control information sent RAN node interact with a MAC layer of the RAN node . by the CU to the DU may also include a time window of There is a need for interactive control and reporting of codec codec adaptation control . 
adaptation between CUs and DUs in the architecture where 20 
the CU and DU are separated . In an architecture where a CU Example for Solution 2.1 
and a DU are separated , the operations describe in the 
following solutions in Section 2 can be performed between FIG . 6 shows an example of a gNB associated with a CU 
a CU and a DU . sending codec adaptation control information to a gNB 

Solution 2.1 : CU Send to DU Codec Adaptation Control 25 associated with a DU . As mentioned above , Section 2 
Information describes CU as separate from DU . The content of the codec 

The codec adaptation control information includes one of adaptation control information may include one of the 
the following information : following : ( 1 ) Indication whether the DU is enabled or 

( 1 ) whether to enable the DU to support codec adaptation , disabled to perform codec adaptation . When not enabled , the 
when DU is not allowed to support the codec adaptation , the 30 DU cannot generate and send recommended bit rate adjust 
DU may not generate and send recommended bit rate ment information for any connected UE . Optionally , the CU 
adjustment information for any connected UE ; or can also send or enable the codec adaptation to the DU . 

( 2 ) whether to allow DU to enable codec adaptation for a Functional time window ; or ( 2 ) indication whether the DU 
given UE . When not enabled , DU cannot generate and send is allowed to enable codec adaptation for a given UE . When 
recommended bit rate adjustment information for the given 35 not enabled , DU cannot generate and send recommended bit 
UE . rate adjustment information for the given UE . 

Further , the codec adaptation control information sent by Further , the codec adaptation control information sent by 
the CU to the DU may include whether or not the DU can the CU to the DU may specify that the per - user codec 
provide recommended bit rate which may not meet the Qos adaptation of the given UE be enabled or disabled . In some 
requirement of the UE . Some examples of a recommended 40 embodiments , the codec adaptation control information may 
bit rate not meeting the Qos requirement may include the UE indicate whether to allow DU to enable uplink or downlink 
receiving from the DU a recommended bit rate of a bearer codec adaptation , or whether or not codec adaptation is 
or a Qos flow or a LCH that is lower than the guaranteed bit enabled for an uplink or an downlink of a given UE , or 
rate ( GBR ) requirement of the bearer or Qos flow or LCH , whether codec adaptation of the given UE is enabled . 
or the UE receiving from the DU a recommended bit rate of 45 Further , the codec adaptation control information for the 
a bearer or a Qos flow that is higher than the maximum bit given UE sent from the CU to the DU may have fine - grained 
rate ( MBR ) requirement of the bearer or Qos flow or LCH . control information that may include the control granularity 

In some embodiments , the codec adaptation control infor- of codec adaptation per PDU session , or per Qos flow , or per 
mation that may be obtained by the UE from the DU may tell DRB , or per LCH . Using this information , the CU can 
the UE whether or not the UE is allowed to send a recom- 50 determine for which PDU sessions , or QoS flows , or DRB , 
mended bit rate query to the DU in some cases . For example , or LCH is codec adaptation allowed or disallowed for a UE . 
the codec adaptation control information may inform the UE In some embodiments , the fine - grained control information 
that the UE can send to a DU a recommended bit rate query may include the codec adaptation recommended bit rate or 
that may not meet the Qos requirements of one or more recommended bit rate range per UE , per PDU session , or per 
bearers . Another example may be that the UE can send to a 55 Qos flow , or per DRB , or per LCH . In some embodiments , 
DU a recommended bit rate query that is not able to meet the fine - grained control information may include codec 
Qos flows or LCHs of the UE . adaptation control effective time window . 

Optionally , the CU can also send to the DU a time window The flow of the codec adaptation control information can 
within which the codec adaptation is to be enabled or be as follows : the CU can send the codec adaptation control 
disabled . The DU can use the recommended bit rate infor- 60 information to the DU in the process of establishing an F1 
mation to inform the UE that the RAN needs to adjust the interface with the DU . The CU can send the codec adapta 
code rate of certain logical channels . tion control information for a given UE to the DU in the 

Further , the codec adaptation control information sent by process of establishing the RRC connection for a given UE . 
the CU to the DU may specify whether codec adaptation is The CU can send the codec adaptation control information 
enable or disable per transmission direction ( e.g. , uplink or 65 for a given UE to the DU during bearer establish . CU can 
downlink ) . That is , whether to enable DU to enable uplink also send the codec adaptation control information to DU in 
or downlink codec adaptation per transmission direction , or any signaling procedure involving CU to DU . 
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Because the codec adaptation control information is Example 1 for Solution 2.2 
changed according to the wireless air interface communica 
tion quality , DU load , CN load dynamic condition or addi- FIG . 7 shows an example of a DU sending codec adap 
tional factors , the codec adaptation control information tation control request information to a CU . The content of 
belongs to the dynamic configuration control information , in 5 the codec adaptation request info may include one of the 
order to enhance its dynamicity , it can be used in any CU to following information . If the DU wants or does not want to 
DU signaling . perform codec adaptation , the DU can send in the request 

Solution 2.2 : DU Sends to CU Codec Adaptation Request information to the CU an indication to enable or disable 
Information : codec adaptation , respectively . The request information can 

If a first network element , such as a DU determines 10 be per DU . Thus , the DU can determine whether the DU 
whether or not to perform codec adaptation , the first network wants to support or does not support for all UEs to perform 
element can send a codec adaptation request message to a codec adaptation or for a given UE to perform codec 
second network element , such as a CU to enable or disable adaptation . Further , the codec adaptation request informa 

tion can include an indication to enable or disable codec codec adaptation . The codec adaptation request message 15 adaptation per direction ( e.g. , uplink or downlink ) . Further , may be per DU or for a given UE . the codec adaptation request information can be per UE . In some embodiments , if the DU generates the recom In some embodiments , the codec adaptation request infor mended bit rate information for a given UE or sends the mation sent by the DU to the CU may have fine - grained recommended bit rate information to the UE , the DU may control request information for a UE , including codec adap 
inform the CU that the DU has implemented codec adapta- 20 tation per PDU session , or per QoS flow , or per DRB , or per 
tion for the UE . For example , this information may be sent LCH . With this information , the CU can determine which in the request message . CU can decide based on this whether PDU sessions , or QoS flows , or DRBs , or LCHs are enabled it may implement other coverage enhancement mechanisms or disabled for codec adaptation for a UE . In some embodi 
for the UE . ments , the codec adaptation request information also 

Further , the codec adaptation request message sent by the 25 includes target code rate or target code rate range of per - UE , 
DU to the CU may request any one or more of the following : per PDU session , or per Qos flow , or per DRB , or per LCH 
per direction ( e.g. , uplink or downlink ) codec adaptation to as recommended by DU . In some embodiments , the codec 
be enabled or disabled for the DU , or per direction ( e.g. , adaptation request information also includes the time win 
uplink or downlink ) codec adaptation to be enabled or dow for codec adaptation control to take effect . 
disabled for a given communication node , such as a UE . In 30 In some embodiments , an example of the process sent by 
some embodiments , if codec adaption is indicated to be the codec adaptation request information can be as follows . 
enabled or disabled in the request message , then the receiv- The DU can send the codec adaptation request information 
ing node is required to enable or disable codec adaptation . to the CU in the process of establishing an F1 interface with 

In some embodiments , the codec adaptation request mes- the CU . The DU can send the codec adaptation request 
sage sent by the DU to the CU may include fine - grained 35 information for a given UE to the CU during the establish 
control information , including whether the codec adaptation ment of an RRC connection for a given UE . The DU can 
is enabled or disabled for any one or more of the following send the codec adaptation request information for a given 
for a UE : per one or more PDU sessions , per one or more UE to the CU during the bearer establish process . The DU 
QoS flow , per one or more DRB , or per one or more LCHs . can also send the codec adaptation request information to the 
Using fine - grained control information , the CU can deter- 40 CU in any signaling procedure involving DU to CU . 
mine which PDU sessions or QoS flows or DRBs or LCH 
are codec adaptation enabled or disabled for a UE . Example 2 for Solution 2.2 

In some embodiments , the DU may also include in the 
codec adaptation request message the target codec rate or a FIG . 8 shows another example of a DU sending codec 
target codec rate range of any one or more of per - UE , per 45 adaptation control request information to a CU . If the DU 
PDU session , or per QoS flow , or per DRB , or per LCH as receives the requested bit rate query information from the 
recommended by DU . UE side indicating that the UE wishes to perform codec 

In some embodiments , the codec adaptation request infor- adaptation and may include the requirement of the UE to 
mation that the DU sends to the CU may also include a time obtain codec adaptation from the second communication 
window for the codec adaptation control request to take 50 node , the DU may send a codec adaptation request message 
effect . The time window may indicate the times when the to the CU to confirm whether it can support the information 
codec adaption is to be enabled or disabled . In some included in the UE's recommended bit rate query . In some 
embodiments , if codec adaption is indicated to be enabled or embodiments , the recommended bit rate query received by 
disabled within a time window in the request message , then the DU may include codec adaptation requirement from a 
the receiving node is required to enable or disable codec 55 second communication node with which the UE is in com adaptation within the time window . munication . Optionally , the recommended bit rate query 

In some embodiments , if the DU receives the recom- may be forwarded by the DU to the CU as part of the codec 
mended bit rate query from the UE that indicates that the UE adaptation request message , or the DU remaps the LCHs in 
wants to perform codec adaptation using a recommended bit the recommended bit rate query into corresponding DRBs or 
rate , the DU sends request information to the CU by 60 Qos flows , or PDU session and then forwards the recom 
including the recommended bit rate query of the UE . mended bit rate query to the CU . 

Optionally , in some embodiments , the recommended bit 
rate query may be directly forwarded by the DU to the CU , Example 3 for Solution 2.2 
or the DU forwards the recommended bit rate query to the 
CU by remapping the LCHs in the recommended bit rate 65 In some embodiments , if the DU generates a recom 
query into corresponding DRBs or los flows or PDU mended bit rate information for a given UE or sends a 
sessions . recommended bit rate information to the UE , the DU may 
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inform the CU that the DU has implemented codec adapta- information of the codec adaptation of the UE can also 
tion for the UE . Based on the information received by the include a tunable range of codec adaptation supported by the 
CU , the CU can determine whether it is can implement other PDU session or Qos flow . 
coverage enhancement mechanisms for the UE . The process FIG . 9 shows an example of a UE establishing a connec 
used for Example 3 of Solution 2.2 can be the same as the 5 tion with a network node , such as a gNB . In Example 1 of 
flowchart show in FIG . 7 . Section 3 , the UE stores its own service type information for 

3. Control Mechanism Between RAN and CN for Codec codec adaptation . Under this example scenario , the UE can 
Adaptation adapt its own type of codec adaptation service in the process 

Section 3 provides solutions for services that support of establishing an RRC connection between the UE and the 
codec adaptation . In the current network architecture , only RAN node . As shown in FIG.9 , the UE can send to the ONB 
the core network and the UE may know which services the support service type information of codec adaptation of 
support codec adaptation , which the RAN cannot know . In the UE using the RRC connection setup complete message . 
some cases , only the core network knows which services This message may be sent by UE in response to the RRC 
support codec adaptation that neither the UE nor the RAN connection setup message sent by the gNB . In some embodi 
knows . ments , other RRC signaling from UE to gNB may also be 

In some embodiment related to Section 3 , a network node , used to carry support service type information of codec 
such as a RAN node can obtain a support service type adaptation of the UE . 
information of the codec adaptation of the given UE from FIG . 10 shows an example of a UE obtaining a service 
the CN or from the UE . The UE may obtain the service type 20 type information for codec adaptation from a network node , 
information of the codec adaptation of the UE from the CN . such as a CN . In embodiments related to FIG . 10 , the UE 

The support service type information of the codec adap- may not store its own service type information for codec 
tation of the UE can include information such as the identity adaptation . In the process where the UE uses a PDU session 
of the one or more PDU sessions of the UE or the identity establishment request to request one or more PDU sessions 
of the one or more QoS flows that support codec adaptation . 25 from the core network element , such as a session manage 
In some embodiments , the support service type information ment function ( SMF ) , the CN can provide feedback . The CN 
can include a bit rate adjustment range of codec adaptation can send the UE's corresponding codec adaptation service 
supported by a PDU session or a QoS flow . type information to the UE in a feedback signal , such as in 

In embodiments where the RAN node obtains the support a PDU session establishment request accept message . In 
service type information from the CN , the RAN node can 30 some embodiments , the CN can send other signaling to the 
obtain the support service type information during the UE to carry the support service type information of the 
process of establishing a connection between a given UE codec adaptation of the UE . 
and the RAN node and the CN . In some embodiments , the FIG . 11 shows an example of a first network node , such 
RAN node can obtain the support service type information as a CN sending a service type information for codec 
from the CN when the CN requests the RAN node to modify 35 adaptation to a second network node , such as a gNB . In FIG . 
the PDU session or QoS flow of the given UE . 10 , a network element of the CN , such as an SMF , can send 

In embodiments where the RAN node obtains the support a PDU session resource setup request message for a given 
service type information from the UE , the RAN node can UE to a gNB . The request message sent by the CN may carry 
obtain the support service type information during the the codec adaptation support service information of the UE 
process of establishing a connection between a given UE 40 to the gNB . In some embodiments , other signaling can be 
and the RAN node and the CN . In some embodiments , used by CN to send to the GNB the codec adaptation support 

In embodiments where the UE obtains the support service service type information of the UE . 
type information from the CN , the UE can obtain the support 4. Prioritized Control Information 
service type information during the process of establishing Codec adaptation and other coverage enhancement 
a NAS connection between the UE and the CN . In some 45 schemes , such as duplication , coverage enhancement ( CE ) 
embodiments , the UE can obtain the support service type mode , etc. , can achieve similar coverage enhancements at 
information from the CN during the PDU session establish- different costs . In Section 4 different coverage enhancement 
ment between the UE and the CN . schemes are described that can have priority for implemen 

tation . The higher layer can set policies for the medium 
Example 1 for Section 3 50 access control ( MAC ) layer and prioritize which solutions to 

implement . This type of policy may be affected by the 
During the process of establishing a connection between network load or service type . Dynamic configuration can be 

the UE and the network , the RAN node , the CN , and the UE implemented where policy priorities may be different in 
may exchange some information . During the process of different situations . 
establishing a connection , the CN may send codec adapta- 55 In embodiments involving a separate CU and DU archi 
tion support service type information to the RAN . The tecture , the following operations can be performed by the 
communication node , such as the UE , can transmit the CU and / or DU . The CU can indicate to the DU a plurality 
supported service type information of the codec adaptation of priorities of the coverage enhancement mechanism that 
to the RAN node . Alternatively , when the UE itself does not can include a priority of the codec adaptation function 
have the service type information of codec adaptation , the 60 relative to one or more priorities of one or more other 
CN may send the UE’s codec adaptation support service coverage enhancements . The priority indication of the cov 
type information to the UE in the process of establishing a erage enhancement mechanism may be for the entire DU SO 
connection between the UE and the CN . that the DU can perform the same priority indication for one 

The support service type information of the codec adap- or more connected UEs . In some embodiments , the priority 
tation of the UE can include the one or more PDU sessions 65 of the coverage enhancement mechanism indication may be 
of the UE or the one or more QoS flows that support codec per communication node , such as a UE so that the DU can 
adaptation . In some embodiments , support service type perform the priority indication for the given UE . 
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In embodiments involving a dual connectivity architec- FIG . 12 shows an example of a flowchart for a handover 
ture the MN can send the priority of the coverage enhance- process . First , a communication node such as a UE sends a 
ment mechanism indication for a given UE to the SN where measurement report to a first network node such as a Source 
the priority of the codec adaptation function can be higher or gNB . Based on the measurement report , the source gNB 
lower than one or more priorities of one or more other 5 may determine whether to perform a handover . If the source coverage enhancement schemes . gNB determines to perform a handover , the source gNB may In embodiments involving communication between RAN send a handover request to a second network node , such as node and the UE , the RAN node can send to UE the priority a target gNB . The handover request may include the last information which include the priorities of one or more received recommended bit rate query information from the coverage enhancement schemes that may include a priority 10 UE and / or the last generated recommended bit rate . Next , of a codec adaptation function relative to one or more the target gNB can send a handover acknowledge message priorities of one or more other coverage enhancements . to the source gNB , in which the target gNB can respond When the UE side meets the trigger conditions for multiple whether the received recommended bit rate or recommended coverage enhancement schemes at the same time , the UE bit rate query in the handover request message can be can determine to prioritize which coverage enhancement 15 accepted or need to be modified , further the modified according to the execution priority . recommended bit rate generated by the target gNB can be The coverage enhancement scheme can include dual included also in the handover acknowledge message sent to connection , carrier aggregation duplication , dual connection the source gNB , the source gNB can deliver it to the UE in , duplication , bundling , repetition in time zone ( e.g. , in e.g. handover command message . frame ) , handover , Pcell or Scell change , codec adaptation , 6. Control Mechanism Between MN and SN for Codec 
etc. Adaptation 

The priority indication of the coverage enhancement As mentioned above , a dual - connection architecture can mechanism can include one of the following implementation include a UE establishing a connection with the Master examples . As a first example , a network node can only RAN Node ( MN ) and Secondary RAN Node ( SN ) at the indicate whether the codec adaptation function has high 25 same time . The MN may control the SN’s codec adaptation . priority . Table 1 shows a second example of a priority In some embodiments , the MN may send codec adaptation indication of a coverage enhancement mechanism . As control information to the SN . In some embodiments , the shown in Table 1 below , the network node can include MN may send the codec adaptation control information the several coverage enhancements with a priority level . SN in response to the SN requesting the codec adaptation 
30 function from the MN . 

TABLE 1 The method for sending , receiving , and processing the 
codec adaptation control information is similar to the archi Coverage enhancement mechanism Priority level 
tecture in which the CU or DU is separated in a single 

Codec adaptation connection . The MN and SN can be considered the two 
35 network elements where the MN can perform operations PDCP duplication described for the CU in Section 2 and the secondary node 

can perform operations described for the DU in Section 2 . 
In a third example , as shown in Table 2 below , the As mentioned above , the DU and CU can also can be seen 

network node can include several coverage enhancement as the first and second network elements , respectively . The 
scenarios and give the ordering of triggering conditions . The 40 difference between the two lies in the difference of the 
measurement result can include , for example reference sig interface protocol . In the 3GPP protocol , the interface 
nal received power ( RSRP ) or reference signal received between the MN and the SN is the Xn interface , and the 
quality ( RSRQ ) . interface between the CU and DU is the F1 interface . 

The MN / SN method is similar to the above Solution 2 
TABLE 2 45 ( CU / DU ) , namely : ( 1 ) MN indicates to SN a codec adapta 

tion control information , and / or ( 2 ) SN indicates to MN a Coverage enhancement mechanism Measurement result codec adaptation request information . 
Codec adaptation RSRQ range FIG . 13 is an example of a process used by a master node 
Configuring dual connection RSRQ range 2 to send a codec adaptation control information to a second Handover RSRQ range 3 50 ary node . The MN may send to the SN a SN addition or SN 

modification or SN change request that may include codec 
5. Handover Process adaptation control information . The content of the codec 
One of the issues address by the solutions in Section 5 is adaptation control information may include any one or more 

whether during the handover ( HO ) process the target gNB of the following : 
should obtain the old recommended bit rate or the old 55 ( 1 ) whether the SN is allowed to enable codec adaptation 
recommended bit rate query . for a given UE . When not enabled , the SN may not 

In some embodiments during the HO process , the first generate and send recommended bit rate adjustment 
network element , such as a source gNB can send to the information for the given UE . 
second network element , such as a target gNB , information ( 2 ) whether codec adaptation is enable or disable per 
that a recommended bit rate information 60 direction ( e.g. , uplink or downlink ) for a given UE . 
recently generated for or sent to the UE that is being handed In some embodiments , the codec adaptation control infor 
over , or the most recently received recommended bit rate mation sent by the MN to the SN may include whether or not 
query information by the source gNB from the UE to be the SN can provide recommended bit rate which may not 
handed over . In some embodiments , the information sent by meet the los requirement of the UE . Some examples of a 
the first network element to the second network element may 65 recommended bit rate not meeting the Qos requirement may 
be sent through a handover request message during han- include the UE receiving from the SN a recommended bit 
dover . rate of a bearer or a Qos flow or a LCH that is lower than 
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the guaranteed bit rate ( GBR ) requirement of the bearer or In some embodiments , the codec adaptation request infor 
Qos flow or LCH , or the UE receiving from the SN a mation sent by the SN to the MN may have fine - grained 
recommended bit rate of a bearer or a Qos flow that is higher control information request that can indicate codec adapta 
than the maximum bit rate ( MBR ) requirement of the bearer tion per PDU session , or per QoS flow , or per DRB , or per 
or Qos flow or LCH . 5 LCH . Using this information , the MN can determine which 

In some embodiments , the codec adaptation control infor- of the PDU sessions , or QoS flows , or DRBs , or LCHs are 
mation that may be obtained by the UE from the MN may enabled or disabled for codec adaptation . In some embodi 
tell the UE whether or not the UE is allowed to send a ments , the control information request may include the 
recommended bit rate query which may not meet the Qos target code rate or target code rate range of per - UE , per PDU 
requirement of the UE to the SN in some cases . For example , 10 session , or per Qos flow , or per DRB , or per LCH as 
the codec adaptation control information may inform the UE recommended by the SN . In some embodiments , the control 
that the UE can send to the SN a recommended bit rate query information request may include the time window for codec 
that may not meet the Qos requirements of one or more adaptation control to take effect . 
bearers . Another example may be that the UE can send to the The codec adaptation request information may be sent 
SN a recommended bit rate query that is not able to meet 15 using any of the following process : 
Qos flows or LCHs of the UE . ( 1 ) The SN may send the codec adaptation request infor 

In some embodiments , the codec adaptation control infor- mation to the MN as part of the process of requesting 
mation for the given UE sent by the MN to the SN may have SN modification from the MN ; 
fine - grained control information , including : codec adapta- ( 2 ) The SN may send the codec adaptation request infor 
tion per PDU session , or per Qos flow , or per DRB , or per 20 mation to the MN as part of the process of requesting 
LCH . Using this information , the SN can determine which the SN change from the MN ; 
of the PDU sessions , or QoS flows , or DRB , or LCH is ( 3 ) The SN may send the codec adaptation request infor 
enabled or disabled for codec adaptation . In some embodi- mation to the MN as part of the process of sending the 
ments , the fine - grained control information may include QoS notification to prompt the MN ; or 
recommended bit rate or recommended bit rate range for 25 ( 4 ) SN may also send the codec adaptation request 
codec adaptation per UE , or per PDU session , or per Qos information to the MN in any signaling procedure 
flow , or per DRB , or per LCH . In some embodiments , the involving SN to MN . 
fine - grained control information may include a codec adap- FIG . 15 is another example of a process used to request 
tation control effective time window . a codec adaptation control information by the SN from the 

The codec adaptation control information may be sent 30 MN . If the SN receives a recommended bit rate query 
using any of the following process : information from the UE side indicating that the UE wishes 

( 1 ) The MN can send the codec adaptation control infor- to perform codec adaptation , the SN may deliver the rec 
mation to the SN during the process of establishing a ommended bit rate information to the MN to confirm 
dual connection with the SN , such as by using the SN whether the MN can support the UE’s recommended bit rate 
addition process ; 35 query . In some embodiments , the recommended bit rate 

( 2 ) The MN can send the codec adaptation control infor- query information received by the SN may include the 
mation for a given UE to the SN in the process of request for codec adaptation obtained by the UE from the 
modifying the SN , such as by using the SN modifica- peer communication node , such as another UE or an MGW . 

Optionally , the recommended bit rate query may be for 
( 3 ) The MN can send the codec adaptation control infor- 40 warded by the SN to the MN , or the SN remap the LCHs in 

mation for a given UE to the SN in the process of the recommended bit rate query into corresponding DRBs or 
replacing the new SN , such as by using the SN change Qos flows , or PDU sessions . 
flow ; or The following description provides another example of a 

( 4 ) The MN can send the codec adaptation control infor- process used to request a codec adaptation control informa 
mation to the SN in any signaling procedure involving 45 tion by the SN from the MN . If the SN generates recom 
MN to SN . mended bit rate information for a given UE or sends a 

Because the codec adaptation control information can recommended bit rate information to the UE , the SN may 
change according to the wireless interface's communication inform the MN that the SN has implemented codec adap 
quality , the SN's load , or other dynamic conditions , the tation for the UE . The MN can decide based on this whether 
codec adaptation control information can be dynamically 50 the MN can implement other coverage enhancement mecha 
configured . To enhance its dynamicity , the codec adaptation nisms for the UE . 
control information can be carried in any message signaled FIG . 16 shows an exemplary flowchart for receiving 
by the MN to SN . control information . At the receiving operation 1602 , a 

FIG . 14 is an example of a process used to request a codec communication node receives a control information from a 
adaptation control information by the SN from the MN . The 55 network node . The control information may include infor 
SN may send to the MN a SN modification request , SN mation that indicates that the codec adaptation is enabled or 
change , or QoS notification message . The SN modification , disabled per transmission direction , per one or more packet 
SN change or QoS notification message may include codec data unit ( PDU ) sessions , per one or more quality of service 
adaptation control information . The content of the codec ( QoS ) flow , per one or more data radio bearer ( DRB ) , or per 
adaptation control information may include information 60 one or more logical channels ( LCH ) . In some embodiments , 
such as whether the SN wants or does not want to perform the communication node may generate a recommended bit 
codec adaptation . The SN can send a request information to rate query by excluding one or more PDU sessions , one or 
the MN for enabling or disabling codec adaptation for a more QoS flow , one or more DRB , or one or more LCH that 
given UE . In some embodiments , the codec adaptation cannot perform codec adaptation . 
request information may include a per - direction granularity 65 The control information may include information that 
so that the request can indicate that the uplink or downlink indicates a bit rate adjustment range for the codec adapta 
codec adaptation is enabled for a given UE . tion . In some embodiments , the communication node gen 
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erates a recommended bit rate query by including a bit rate combinations thereof . For example , a hardware circuit 
that does not exceed the bit rate adjustment range . In some implementation can include discrete analog and / or digital 
embodiments , the control information may include informa- components that are , for example , integrated as part of a 
tion that indicates that a time window for codec adaptation printed circuit board . Alternatively , or additionally , the dis 
is supported or not supported by the network node . In some 5 closed components or modules can be implemented as an 
embodiments , the control information may include informa- Application Specific Integrated Circuit ( ASIC ) and / or as a 
tion that indicates that a time window of the codec adapta- Field Programmable Gate Array ( FPGA ) device . Some 
tion is enabled or disabled for the communication node . implementations may additionally or alternatively include a 
At the determining operation 1604 , the communication digital signal processor ( DSP ) that is a specialized micro 

node determines , based on the control information , that the 10 processor with an architecture optimized for the operational 
network node supports codec adaptation or that the com- needs of digital signal processing associated with the dis 
munication node is allowed to enable the codec adaptation . closed functionalities of this application . Similarly , the vari 

In some embodiments , the process shown in FIG . 16 may ous components or sub - components within each module 
further include the communication node determining , based may be implemented in software , hardware or firmware . The 
on the received control information , that the network node 15 connectivity between the modules and / or components 
does not support codec adaptation or that the communication within the modules may be provided using any one of the 
node is not allowed to enable the codec adaptation . In such connectivity methods and media that is known in the art , 
embodiments , the communication node performs any one or including , but not limited to , communications over the 
more of following operations : determining that a recom- Internet , wired , or wireless networks using the appropriate 
mended bit rate query not be sent to the network node , and 20 protocols . 
determining that a recommended bit rate query not be While this document contains many specifics , these 
generated . should not be construed as limitations on the scope of an 
FIG . 17 shows an exemplary block diagram of a commu- invention that is claimed or of what may be claimed , but 

nication node or a network node 1700. The communication rather as descriptions of features specific to particular 
node 1700 can include a user equipment , a mobile device , or 25 embodiments . Certain features that are described in this 
a multimedia gateway . The network node 1700 can include document in the context of separate embodiments can also 
a base station , a RAN node , a gNB , a master node in a be implemented in combination in a single embodiment . 
dual - connectivity system , a secondary node in a dual - con- Conversely , various features that are described in the context 
nectivity system , a distributed unit , or a centralized unit . The of a single embodiment can also be implemented in multiple 
communication or network node 1700 includes at least one 30 embodiments separately or in any suitable sub - combination . 
processor 1710 and a memory 1705 having instructions Moreover , although features may be described above as 
stored thereupon . The instructions upon execution by the acting in certain combinations and even initially claimed as 
processor 1710 configure the communication or network such , one or more features from a claimed combination can 
node 1700 to perform the operations described in FIG . 16 in some cases be excised from the combination , and the 
and in the various embodiments described in this patent 35 claimed combination may be directed to a sub - combination 
document . The transmitter 1715 transmits or sends infor- or a variation of a sub - combination . Similarly , while opera 
mation or data to another network node or another commu- tions are depicted in the drawings in a particular order , this 
nication node . The receiver 1720 receives information or should not be understood as requiring that such operations 
data transmitted or sent by another network node or another be performed in the particular order shown or in sequential 
communication node . 40 order , or that all illustrated operations be performed , to 

In this document the term “ exemplary ” is used to mean achieve desirable results . 
" an example of and , unless otherwise stated , does not imply Only a few implementations and examples are described 
an ideal or a preferred embodiment . and other implementations , enhancements and variations 
Some of the embodiments described herein are described can be made based on what is described and illustrated in 

in the general context of methods or processes , which may 45 this disclosure . 
be implemented in one embodiment by a computer program What is claimed is : 
product , embodied in a computer - readable medium , includ- 1. A wireless communication method performed by a 
ing computer - executable instructions , such as program code , communication device , the wireless communication method 
executed by computers in networked environments . A com- comprising : 
puter - readable medium may include removable and non- 50 receiving , by the communication node from a network 
removable storage devices including , but not limited to , node , a control information , 
Read Only Memory ( ROM ) , Random Access Memory wherein the control information includes information that 
( RAM ) , compact discs ( CDs ) , digital versatile discs ( DVD ) , indicates that a codec adaptation is enabled or disabled 
etc. Therefore , the computer - readable media can include a per transmission direction , per one or more packet data 
non - transitory storage media . Generally , program modules 55 unit ( PDU ) sessions , per one or more quality of service 
may include routines , programs , objects , components , data ( QoS ) flow , per one or more data radio bearer ( DRB ) , 
structures , etc. that perform particular tasks or implement or per one or more logical channels ( LCH ) ; 
particular abstract data types . Computer- or processor - ex- determining , based on the control information , that the 
ecutable instructions , associated data structures , and pro network node supports the codec adaptation or that the 
gram modules represent examples of program code for 60 communication node is allowed to enable the codec 
executing steps of the methods disclosed herein . The par- adaptation ; and 
ticular sequence of such executable instructions or associ- sending , based on the determining , a recommended bit 
ated data structures represents examples of corresponding rate query to the network node , 
acts for implementing the functions described in such steps wherein the recommended bit rate query indicates a bit 
or processes . rate to be provided by the network node , and 
Some of the disclosed embodiments can be implemented wherein the communication node generates the recom 

as devices or modules using hardware circuits , software , or mended bit rate query by excluding from the recom 
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mended bit rate query one or more PDU sessions , disabled per transmission direction , per one or more 
one or more QoS flow , one or more DRB , or one or packet data unit ( PDU ) sessions , per one or more 
more LCH that cannot perform codec adaptation . quality of service ( QoS ) flow , per one or more data 

2. The wireless communication method of claim 1 , radio bearer ( DRB ) , or per one or more logical 
wherein the control information includes information that 5 channels ( LCH ) ; 
indicates a bit rate adjustment range for the codec adapta- determine , based on the control information , that the 
tion . network node supports the codec adaptation or that the 

3. The wireless communication method of claim 2 , communication node is allowed to enable the codec 
wherein the communication node generates the recom adaptation ; and 
mended bit rate query by including the bit rate that does not 10 send , based on the determine , a recommended bit rate 
exceed the bit rate adjustment range . query to the network node , 

4. The wireless communication method of claim 1 , wherein the recommended bit rate query indicates a bit 
wherein the control information includes information that rate to be provided by the network node , and 

indicates that a time window for codec adaptation is wherein the processor of the communication node is 
supported or not supported by the network node , or configured to generate the recommended bit rate 

wherein the control information includes information that query by excluding from the recommended bit rate 
indicates that the time window of the codec adaptation query one or more PDU sessions , one or more QoS 
is enabled or disabled for the communication node . flow , one or more DRB , or one or more LCH that 

5. A wireless communication method performed by a first cannot perform codec adaptation . 
network element , the wireless communication method com- 20 12. The communication node of claim 11 , wherein the 
prising : control information includes information that indicates a bit 

receiving , by the first network element from a communi- rate adjustment range for the codec adaptation . 
cation node , a recommended bit rate query that 13. A first network element , comprising : 
includes a bit rate , a processor configured to : 
wherein the recommended bit rate query excludes one 25 receive , from a communication node , a recommended bit 

or more packet data unit ( PDU ) sessions , one or rate query that includes a bit rate , 
more quality of service ( QoS ) flow , one or more data wherein the recommended bit rate query excludes one 
radio bearer ( DRB ) , or one or more logical channels or more packet data unit ( PDU ) sessions , one or 
( LCH ) that cannot perform codec adaptation ; and more quality of service ( QoS ) flow , one or more data 

sending , by the first network element to a second network 30 radio bearer ( DRB ) , or one or more logical channels 
element , a request message , ( LCH ) that cannot perform codec adaptation ; and 
wherein the request message informs the second net- send , to a second network element , a request message , 
work element to enable or disable codec adaptation , wherein the request message informs the second net 

wherein the request message includes the bit rate , and work element to enable or disable codec adaptation , 
wherein the first network element and the second 35 wherein the request message includes the bit rate , and 

network element are separate network elements . wherein the first network element and the second 
6. The wireless communication method of claim 5 , network element are separate network elements . 

wherein the first network node sends to the second network 14. The first network element of claim 13 , wherein the 
node an indication that that first network node implemented processor of the first network node is configured to sends to 
codec adaption for the communication node . 40 the second network node an indication that that first network 

7. The wireless communication method of claim 5 , node implemented codec adaption for the communication 
wherein the request message includes information that indi- node . 
cates that the codec adaptation is to be enabled or disabled 15. The first network element of claim 13 , wherein the 
per transmission direction for the first network element or request message includes information that indicates that the 
per transmission direction for the communication node . 45 codec adaptation is to be enabled or disabled per transmis 

8. The wireless communication method of claim 5 , sion direction for the first network element or per transmis 
wherein the request message includes information that indi- sion direction for the communication node . 
cates that the codec adaptation is to be enabled or disabled 16. The first network element of claim 13 , wherein the 
per one or more packet data unit ( PDU ) session , per one or request message includes information that indicates that the 
more quality of service ( QoS ) flow , per one or more data 50 codec adaptation is to be enabled or disabled per one or more 
radio bearer ( DRB ) , or per one or more logical channels packet data unit ( PDU ) session , per one or more quality of 
( LCH ) . service ( QoS ) flow , per one or more data radio bearer 

9. The wireless communication method of claim 5 , ( DRB ) , or per one or more logical channels ( LCH ) . 
wherein the request message includes information that indi- 17. The communication node of claim 12 , wherein the 
cates a target code rate or a target code rate range of any one 55 processor of the communication node is configured to gen 
or more of per communication node , per one or more PDU erates the recommended bit rate query by including the bit 
sessions , per one or more Qos flow , per one or more DRB , rate that does not exceed the bit rate adjustment range . 
or per one or more LCH . 18. The communication node of claim 11 , 

10. The wireless communication method of claim 5 , wherein the control information includes information that 
wherein the request message includes information that indi- 60 indicates that a time window for codec adaptation is 
cates a time window within which codec adaption is to be supported or not supported by the network node , or 
enabled or disabled . wherein the control information includes information that 

11. A communication node , comprising : indicates that the time window of the codec adaptation 
a processor configured to : is enabled or disabled for the communication node . 
receive , from a network node , a control information , 19. The wireless communication method of claim 5 , 

wherein the control information includes information wherein the recommended bit rate query includes a bit rate 
that indicates that a codec adaptation is enabled or that does not exceed a bit rate adjustment range . 
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20. The first network element of claim 13 , wherein the 

recommended bit rate query includes a bit rate that does not 
exceed a bit rate adjustment range . 
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